Adaptive theory predicts that the fundamental trade-off between starvation and predation risk shapes diurnal patterns in foraging activity and mass gain in wintering passerine birds. Foragers mitigating both types of risk should exhibit a bimodal distribution (increased foraging and mass gain early and late in the day), whereas both foraging and mass gains early (versus late) during the day are expected when the risk of starvation (versus predation) is greatest. Finally, relatively constant rates of foraging and mass gain should occur when the starvation-predation risk trade-off is independent of body mass. Using automated feeders with integrated digital balances, we estimated diurnal patterns in foraging and body mass gain to test which ecological scenario was best supported in wintering great tits Parus major. Based on data of 40 consecutive winter days recording over 12 000 body masses of 28 individuals, we concluded that birds foraged and gained mass early during the day, as predicted by theory when the starvationpredation risk trade-off is mass-dependent and starvation risk outweighs predation risk. Slower explorers visited the feeders more often, and decreased their activity along the day more strongly, compared with faster explorers, thereby explaining a major portion of the individual differences in diurnal patterning of foraging activity detected using random regression analyses. Birds did not differ in body mass gain trajectories, implying both that individuals differed in the usage of feeders, and that unbiased conclusions regarding how birds resolve starvation-predation risk trade-off require the simultaneous recording of foraging activity and body mass gain trajectories. Our study thereby provides the first unambiguous demonstration that individual birds are capable of adjusting their diurnal foraging and mass gain trajectories in response to ecological predictors of starvation risk as predicted by starvation-predation risk trade-off theory.
Introduction
Small passerines rely on body reserves as their main means of energy storage in winter (reviewed by [1] ). Body reserves act as 'insurance' against detrimental effects of interrupted food supplies, and are therefore predicted to decrease the risk of starvation [2] [3] [4] . Carrying body reserves, however, also comes with associated costs in the form of increased risk of predation. Extra body reserves increase predator exposure because it decreases manoeuvrability or take-off ability [5, 6] (but see [7] ). Individual foragers have to resolve this predation-starvation risk trade-off to maximize overwinter survival [3, 8] . For small passerines, adaptive models predict that this trade-off can be resolved by individuals varying the amount of reserves carried (thus varying their body mass) both within days (e.g. between dawn and dusk) and among days (e.g. across successive days or between seasons) as a form of adaptive phenotypic plasticity [3, 8, 9] . Species inhabiting seasonal environments, for instance, downregulate their mass from winter to summer as predicted by theory [10] . By contrast, comparatively few studies have empirically tested theoretical predictions regarding adaptive short-term (i.e. within-day) regulation of body mass, particularly in the wild [11] [12] [13] .
Adaptive theory predicts that small passerine birds should increase their body mass (i.e. build up energy reserves) between dawn and dusk to survive the night, predicated on the fact that small birds lose mass overnight (e.g. [2, 3, 8, 14] ). Previous work on body mass trajectories carried out under laboratory conditions has already demonstrated that birds are able to plastically adjust their body mass under artificially increased risk of starvation or predation (e.g. [15] [16] [17] [18] ). Diurnal mass regulation has also been demonstrated in the wild, but remains relatively understudied [11] [12] [13] . Furthermore, mass regulation has never been studied in conjunction with foraging activity, which is expected to be the behavioural driver of these fattening patterns. Studies conducted directly in natural populations are of vital importance because the evolution of body mass regulation has ultimately been moulded by natural selection in an ecological context that may not be adequately mimicked in the laboratory. This implies that field-based confirmation of adaptive theory would be particularly insightful. Field studies are, moreover, extremely suitable for testing a wide range of general predictions related to how diurnal body mass regulation varies as a function of abiotic (e.g. day length and night temperature) and biotic (e.g. food availability and predation risk) factors.
Diurnal variation in body mass trajectories is ultimately thought to result from plastic adjustments in foraging behaviour over the day [8] . While the former has, at times, been used as a proxy for the latter, foraging activity per se has received relatively less attention in studies of the starvationpredation risk trade-off [19] . Importantly, theoretical models of optimal foraging predict a bimodal distribution of foraging activity in situations where the risk of starvation and the risk of predation are both of relatively high importance [9, 20] . Under such ecological conditions, individuals should restrict most of their foraging activity to right after dawn and right before dusk. These patterns are expected because early in the day body reserves are at their lowest, and birds thus need to rapidly build up extra reserves to insure against the possibility of food being unavailable later in the day; right before dusk, by contrast, body reserves will only expose a forager to increased (i.e. mass-dependent) predation risk for a relatively short period of time [9] . A different type of diurnal pattern would be expected when starvation risk is of relatively much greater importance than predation risk [9] . In such ecological conditions, mass should be gained as early in the day as possible, to insure against lack of food later during the day. Once sufficient mass (energy reserves) is acquired, birds should reduce their exposure to predators by seeking a refuge and avoid foraging for the rest of the day. The opposite pattern would be expected when predation risk is of relatively greater importance. In that case, nearly all mass gain should be delayed until towards the end of the day [9] . Finally, when the starvation-predation risk trade-off is independent of mass (i.e. the level of energy reserves has no effect on either predation or starvation risk), a constant mass gain over the day is expected (i.e. the 'risk-spreading theorem' [7] ). In other words, theory predicts that the ecological conditions (i.e. the combination of levels of risk of predation and starvation) should affect both foraging and mass gain trajectories, and thereby calls for field studies that quantify both aspects under natural conditions. Previous work on free-living birds has focused on documenting either foraging activity [19] or diurnal mass trajectories [11, 13] , and has therefore not considered how the trade-off between avoiding risk of starvation and predation simultaneously shapes both traits.
A practical problem associated with testing predictions derived from adaptive foraging theory is the difficulty of measuring mass gain and foraging behaviours directly in the wild. Research on diurnal patterns in body weight in small passerine birds has often relied on measurements made during capture (e.g. [10, 21] ), which may consequently change birds' perception of predation risk, and thereby affect any subsequent measurement [22] . For instance, great tits (Parus major) change their foraging behaviour in response to human disturbance (e.g. catching and handling) in a similar way as they do after encountering predators [22] . Fortunately, technological developments, in the form of electronic balances capable of automatically registering both individual identity (by means of reading passive integrated transponder tags and radiofrequency identification antennas) and body mass, provide the opportunity to gather vast amounts of repeated measures on both foraging and mass trajectories on large numbers of individuals in the wild without requiring repeated capture and release [13, 19] . These technological advances enable research on starvation-predation trade-offs to empirically test predictions that go beyond population-level predictions because they allow testing key aspects of theory that require the estimation of among-and within-individual variation. For example, do individuals differ in how they resolve the starvation-predation risk trade-off, and if so, which phenotypic traits mediate individual-level variation? Similarly, is there within-individual variation (e.g. among days or years) in how this trade-off is resolved, and if so, which ecological factors cause such effects?
Differences in how individuals resolve the starvationpredation risk trade-off could arise if birds differ in either perceived or actual starvation and/or predation risk. Such individual differences could be caused by individuals experiencing different environmental conditions or related to individual-specific phenotypic attributes such as sex, size or behavioural type. Individual-specific phenotypes affecting the ability to monopolize resources (e.g. aggressiveness, size or sex affecting dominance) probably affect the risk of starvation [23 -26] , while individual-specific phenotypes affecting exposure to predators (e.g. risk-taking behaviours, like willingness to foraging alone or in the open) may affect the risk of predation [27] . Furthermore, at the within-individual level, variation in the optimal resolution of the trade-off should exist because of variation in abiotic factors, like (night) temperature and day length, which affect the energetic requirements for self-maintenance and the time window available for foraging, respectively [1, [28] [29] [30] . Seasonal changes in diurnal body mass patterns are therefore expected because when conditions become harsh, such as in winter, birds may face greater energetic requirements and adjust their diurnal mass gain strategies accordingly.
In this study, we quantified among-and within-individual variation in body mass and foraging activity in a wild population of great tits. Using custom-made automated weighing-feeding systems, we recorded 12 678 feeder visits of 28 individual great tits over 40 consecutive winter days. Our first objective was to quantify the total amount of phenotypic variation in body mass and foraging activity, and to rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20172868 partition this variation into its underlying within-and among-individual components. Our second objective was to investigate the shape of the diurnal mass gain and foraging activity patterns. We tested whether birds concentrated their mass gain and foraging activity (i) around dawn and dusk (as predicted when both starvation and predation risk are of high importance), (ii) around the first half of the day (as predicted if starvation risk is greatest), (iii) around the last half of the day (as predicted if predation risk is greatest), or (iv) evenly over the day (as predicted by the risk-spreading theorem) [8, 9] . Our third objective was to assess whether differences in body mass and foraging activity trajectories were a function of individual-specific phenotypic attributes or abiotic environmental conditions predicted to affect the optimal resolution of the starvation-predation risk trade-off.
Material and methods
The study was carried out in a forest plot in Bavaria, southwestern fig. 1 in [31] ) was used to measure its activity [32] . Activity in a novel environment, labelled 'exploration behaviour', represents a proxy for risk-taking behaviour as it correlates with anti-predator boldness [31] . After the behavioural test, we determined sex and age based on plumage characteristics and took standard morphological measurements (e.g. tarsus and wing length). Finally, each bird was implanted with a passive integrated transponder (PIT) tag subcutaneously in the back above the scapula [33] , and released at its capture site. Previous work on great tits has shown that our protocol of PIT tag implantation has no effect on survival (or other fitness components) [33] .
(a) Automated weighing -feeding system
We used an automated weighing-feeding system ('feeder'; designed by Dorset, The Netherlands) to automatically weigh PIT-tagged birds when visiting the feeder. The system consisted of an electronic scale placed at the feeder entry suspended to one side. Thus, when a bird landed on the scale to feed, its tag was detected and the bird weighed (see the electronic supplementary material for a detailed description of feeder programming and functioning). Feeders were filled with peanut kernels, which were ground into tiny fragments because complete kernels might quickly be picked up and consumed elsewhere (i.e. within protective cover away from the feeder) and thus result in insufficient time at the platform to acquire an accurate weight measurement.
(b) Study design
In July 2015, two simple (non-automated) feeders baited with ad libitum sunflower seeds were placed in the forest plot for three months to attract and familiarize birds with the set-up. One week prior to the onset of data collection (10 November 2015), these two simple feeders were replaced by two feeders with the weighing -feeding system described above. We used two feeders to cover a greater area of the study plot, and thus to increase the number of individuals with potential access to the feeders. The study ran for 40 days (10 November 2015 to 20 December 2015). The two feeder sites consisted of small shrubs surrounded by mature beech woodland with similar habitat characteristics of forest structure, cover and exposure to weather.
(c) Environmental data
We used daily weather data from a nearby weather station (Rothenfeld weather station, 4 km distance from study site, Agrarmeteorologie Bayern, www.am.rlp.de). We extracted average temperatures for each day (i.e. average temperature during daytime and preceding-night of focal day). Daily sunrise and sunset times were acquired from the website www.timeanddate.com, using the nearest available location to the field site (Starnberg city; 6 km distance from study site). Day length was subsequently calculated for each day by subtracting sunrise times from sunset times.
(d) Statistical analyses
We used a reaction norm approach to quantify variation in body mass and foraging activity within and among individuals. In both cases, we first fitted a model estimating population-average and individual-specific (linear and nonlinear) effects of time of day (model 1), and then expanded the focal model to additionally quantify whether reaction norm variation was attributable to environmental covariates (temperature, day length; model 2) and individual-level phenotypic traits (sex, size, exploration behaviour; model 3a -c).
(i) Analyses of body mass
Variation in body mass was normally distributed and modelled using random-regression mixed-effects models that assumed Gaussian errors. The initial model focused on testing for (non)linearity of diurnal variation in mass regulation, and therefore fitted both the linear and quadratic effect of time of day (expressed in decimal fractions of hours after sunrise; continuous variable) as fixed effects (model 1). The mixed-effects model further included random intercepts for individual identity (28 levels) as well as random slopes with respect to the linear and quadratic effects of time of day. Covariances between random terms (i.e. interceptlinear slope, intercept-quadratic slope and linear slope-quadratic slope covariances) were also modelled. We further estimated individual repeatability as the among-individual variance divided by the total phenotypic variance [34] . This initial analysis thereby enabled us to fully quantify how individuals differed in the (non)linearity of diurnal body mass trajectories.
As a second step, model 1 was expanded to test whether within-individual variation in reaction norm components could be attributed to environmental variation (model 2). Average daily temperature and day length were therefore included as fixed-effects, as well as their two-way interactions with (non)-linear time of day effects. We included the mean temperature of the focal day in our analyses because temperature variables are usually highly correlated and this variable has been used in previous studies [13, 19] .
As a third step, model 2 was expanded to test whether amongindividual variation in reaction norm components could be attributed to individual-specific traits (model 3a-c). The following individual-level traits were included as fixed effects: sex (factor: male or female), size (covariate: tarsus length centred within-sex) and exploration behaviour (covariate: total number of hops among cage locations). Tarsus was centred within sex to break the collinearity between sex and size caused by the species's sexual dimorphism [35] . We also included all two-way interactions between phenotypic traits and the linear, or quadratic, component of time of day, to test for phenotype-dependent variation in diurnal mass changes (see Introduction). Including all traits (and their two-interactions) as predictor variables into the same model would have caused an over-parameterized model; we therefore decided to evaluate the effects of each trait separately (model 3a-c). Exploration behaviour data were missing for 3 out of 28 individuals and those individuals were given the average population phenotypic value (re-analysis of the data excluding these rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20172868 three individuals did not change our findings; results not shown). Owing to evidence for age-related variation in body mass [35] , we also considered including age (first-year versus older) as a predictor variable. Inclusion of age was, however, not possible because our sample harboured insufficient variation (only 2 out of 28 individuals were first-year birds).
(ii) Analyses of foraging activity
We defined foraging activity as a binary variable by quantifying whether an individual was present (yes/no) at the feeder within 1 h time blocks (for a detailed discussion of our reasons for this definition of foraging activity, see the electronic supplementary material). Foraging activity (0 ¼ absent from the feeder within a given time block, 1 ¼ present at the feeder) was modelled with a binomial error structure where residual variance was taken to be p 2 /3 [34] . Days where a focal bird was not present at all were removed because this would cause uninterpretable variation in reaction norm slopes. Variation in foraging activity was subsequently modelled by fitting models 1 -3c as described above for our analyses of body mass.
(iii) General modelling procedures
All covariates included in our models were mean-centred and standardized to the standard deviation units. We evaluated the importance of considering temporal autocorrelations, but we chose not to control for it in our models (for statistical approaches and results, see the electronic supplementary material). Statistical analyses for the univariate models were carried out using the packages 'lme4' and 'arm' of the statistical freeware R v. 3.3.2 (R Development Core Team, 2016). To obtain parameter estimates, we used the sim function to simulate values from the posterior distributions of the model parameters. Model fit was assessed by the visual inspection of the residuals. Based on 5000 simulations, we extracted 95% credible intervals (CI) around the mean [36] , representing the uncertainty around our estimates. Assessment of statistical support was obtained from the posterior distribution of each parameter. We considered an effect to be strong if zero was not included within the 95% CI, while estimates centred on zero were considered to provide strong support for the absence of an effect.
Results
Over the course of the study, we recorded 12 678 visits from 28 PIT-tagged individual great tits (20 males and 8 females). The population-average body mass was 18.96 g (s.d.: 1.03). An individual bird was recorded on average on 20.61 days (range: 1-40) and the probability that an individual bird was recorded on a given day was not influenced by sex, size, behavioural type, temperature or day length (results not shown). The mean number of visits per individual per day was 21.92 (range: 1-68). Mean daily temperature was 4.058C (range: 24.648C-13.458C) and mean day length was 8.69 h (range: 8.37-9.52 h). table 1 and figure 1a) .
Temperature and day length both affected the average body mass of individuals within days as well as its diurnal pattern: on colder days and on shorter days, individuals had higher body mass (indicated by the main effects of temperature and day length; model 2, table 1). Furthermore, birds increased their body mass more steeply over the day when days were short (indicated by the interaction between day length and linear time; model 2, table 1). Both these environmental factors also affected the nonlinear nature of mass gain over the day (indicated by their interactions with quadratic time; model 2, table 1). When days were colder, birds showed a more pronounced increase in mass gain compared with warmer days.
As expected for this size-dimorphic species, males and structurally large individuals were heavier than females and structurally small individuals (main effect of sex and tarsus; model 3a-b, table 1), while heavier birds did not differ from leaner birds in exploration behaviour (no support for a main effect of exploration behaviour; model 3c, table 1). In line with our finding of a complete lack of among-individual variation in diurnal body mass trajectories (see above), none of sex, exploration behaviour nor within-sex variation in body size explained variation in how body mass changed over the day; that is, none of the interactions between (linear or quadratic) time and individual-specific attributes (sex, tarsus, exploration) deviated from zero (table 1; model 3a-c).
(b) Daily foraging strategies
Individuals differed in how often they visited the feeders, indicated by the existence of among-individual variation in reaction norm intercepts for foraging activity (model 1, table 2). Individual repeatability of foraging behaviour was, simultaneously, relatively low (R ¼ 0.14; 95% CI: 0.11, 0.17). Foraging activity further showed a nonlinear pattern over the day (table 2 and figure 1b). Birds started to feed just before sunrise (maximum 25 min before sunrise), after which they increased their foraging activity over the course of the morning. Foraging activity remained relatively stable during the rest of the day but subsequently declined abruptly in the hour before sunset. Interestingly, individuals differed in how steeply their foraging activity declined over the day (as indicated by non-zero among-individual variation in linear reaction norm slopes) and in how peaked their foraging activity was (among-individual variation in quadratic reaction norm slopes; model 1, table 2 and figure 1b). Patterns of among-individual covariance among intercepts and (linear and quadratic) slopes implied that birds visiting the feeders relatively more often showed stronger decreases in foraging activity (as indicated by a negative intercept-linear slope covariance), while such birds also had a more marked peak of foraging activity (as indicated by a negative intercept-quadratic slope covariance; figure 1b).
Temperature and day length both affected the average foraging activity of individuals within days as well as its diurnal pattern: on colder days and on shorter days, individuals visited the feeders more often (indicated by the main effects of temperature and day length; model 2, table 2). Furthermore, birds increased their foraging activity more steeply over the day when days were short (indicated by the interaction between rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20172868 Table 1 . Results from random regression models performed to quantify variation in body mass (measured as a continuous variable, in grams). Point estimates and 95% credible intervals (CI) are provided for each fixed (b; mean) and random (s 2 ; variance) parameter. . When days were shorter, the birds also showed a more marked peak in their foraging activity (indicated by the interaction between day length and quadratic time; model 2, table 2).
Relatively slow explorers visited the feeders more often and decreased their activity along the day more strongly compared with relatively fast explorers (non-zero main effect of exploration and linear term interaction; model 3c, table 2 and figure 2 ). Importantly, exploration behaviour explained a large amount of the covariance between the intercept and linear slope of time (as the intercept-slope covariance estimate reduced substantially between models 1 and 2). Interestingly, exploration behaviour did not explain the intercept-quadratic slope covariance, implying that another trait that we did not measure caused this effect. None of the other phenotypic traits (sex or size) explained variation in average level of either foraging activity or foraging trajectories (i.e. no evidence for main effects of sex and tarsus and none of the interactions between (linear or quadratic) time deviated from zero; model 3a-b, table 2).
Discussion
Theoretical models predict that a fundamental trade-off between risk of starvation and risk of predation shapes diurnal patterns in foraging activity and mass gain in wild passerine birds. A bimodal distribution in foraging activity and mass gain (due to peaks at the beginning and at the end of the day) is expected for foragers mitigating both types of risk. Early foraging activity and mass gain are expected when the risk of starvation is greater. By contrast, delayed foraging activity and mass gain are expected when the risk of predation is greater. A relatively constant rate of foraging and mass gain throughout the day (i.e. spread the risk) is instead expected when the starvation-predation risk trade-off is independent of body mass. In this study, we simultaneously quantified foraging activity and body mass in free-living great tits. We observed no individual differences in mass gain trajectories, but birds did differ in their foraging strategies. Furthermore, we found that exploration behaviour partly explained observed among-individual differences in diurnal patterns of foraging activity, and that the diurnal patterns in both traits varied within individuals as a function of mean day temperature and day length. Overall, our results are consistent with the birds responding to a mass-dependent starvation-predation risk trade-off where starvation risk is considerably higher than predation risk.
(a) Diurnal patterns
Diurnal mass gain was highest after dawn, and slowly decreased over the course of the day with very little mass gained in the second half of the day. This mass gain pattern matches relatively well with the actual foraging activity demonstrated in our study at the population level. This suggests that unbiased estimates of within-individual patterns for foraging activity were captured by the birds' visits to our feeders, and that the (unobserved) usage of alternative food sources (elsewhere in the forest) did not greatly bias observed population-level patterns. Birds showed an initial burst of foraging activity in the morning, decreased feeding relatively uniformly throughout the day, and terminated feeding abruptly as sunset approached. The initial rapid increase in body mass can therefore be explained by early foraging activity beginning immediately before sunrise (i.e. when birds would be energydepleted following a night of fasting). For the remainder of the day, the rate of mass gain was lower. At the end of the day, we observed the opposite pattern: birds dropped their foraging activity an hour before sunset. This early termination of feeding under daylight conditions could imply that birds reached their satiation threshold [3] , which seems biologically unlikely. Alternatively, our results may also be explained by other mechanisms such as an increase in predation risk later in the day. Certain predators (e.g. owls and sparrowhawks) might have a late-day peak in their foraging activity [37] , in which case great tits might not face a constant risk of predation over the day, but instead suffer a higher predation risk around dusk. This pattern of late-day drops in foraging activity has also been reported for other wintering birds [19, 38] . Another possibility is that predation risk could be minimized to become zero, for example, if birds make use of refuge. After taking an increased foraging risk and gaining enough mass to survive overnight, great tits can take advantage of the refuge effect [8] by seeking cover and waiting out the rest of the day with the minimum possible energy expenditure [39] . Overall, of rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20172868 Table 2 . Results from random regression models performed to quantify variation in foraging activity (measured as binary trait, presence at feeder at a given 1 h time block). Point estimates and 95% credible intervals (CI) are provided for each fixed (b; mean) and random (s 2 ; variance) parameter. rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20172868 the four hypotheses proposed to explain our patterns of diurnal mass gain and foraging activity, our results are more consistent with the hypothesis of an early foraging activity and mass change due to a higher starvation risk. Therefore, we tentatively conclude that our findings imply that small birds face higher starvation compared with predation risk in winter and that the balance between avoiding the risks of starvation and predation is consequently skewed towards reducing starvation risk during those winter months.
(b) Ecological conditions
Theory also predicts that starvation and predation risks should vary over time and among individuals due to variation in environmental factors. Indeed, birds seem to use day length and, to a lesser extent, daily mean temperature as proximate cues to assess how much foraging to perform and mass to gain. As nights become longer, there is a greater risk that reserves will be depleted before foraging can resume at dawn [3, 9, 14, 40] . This tendency acts in conjunction with the temperature effect because temperatures tend to be lowest when nights are longest. Thus, given that metabolic costs increase when temperatures drop, energy reserves will be exhausted earlier in the night. To compensate for such a joint effect, birds in our population went to roost with higher body mass under inclement weather conditions (table 1) . Individuals modified their body mass gain and foraging strategies slightly to reach their targeted end weight. For instance, birds adjusted their end-of-day mass by increasing their mass gain more steeply on shorter days and they had a more rapid mass gain on colder days [12, 39, 41] . Individuals also foraged more actively (i.e. visited more often the feeders) on shorter days and under lower mean temperatures [19] . Furthermore, day length had a positive effect on the quadratic effect of time; that is, birds presented a more prominent peak of foraging activity on shorter days. This study thus provides the first clear demonstration that birds are capable of adjusting their diurnal mass gain trajectory and foraging strategy in response to ecological predictors of starvation risk as predicted by starvation-predation risk trade-off theory [2, 8] .
(c) Individual variation in trajectories
We quantified whether and how individuals differed in their diurnal patterning of body mass and foraging activity, and whether diurnal patterns were explained by individual-level morphological and behavioural traits. We used a reaction norm framework as a heuristic tool for doing so [42, 43] . These reaction norm analyses showed (i) that individuals did not differ in their diurnal patterning of mass gain, (ii) that individuals did differ in diurnal patterning of foraging activity, and (iii) that exploration behaviour (partly) explained these among-individual differences in diurnal patterns of foraging activity. This result has at least two important implications. First, it demonstrates that observations of diurnal patterns of foraging activity alone do not provide a complete picture of how individuals resolve starvation-predation risk trade-offs. If we had recorded only foraging activity in the present study, as is commonly done in field studies, we might have erroneously concluded that slow explorers face higher starvation risk and/or lower predation risk relative to fast and intermediate explorers, and consequently, increase foraging activity mid-day relative to other birds. However, the observation that patterns of mass gain did not mirror patterns of foraging activity in slow explorers suggests, in fact, that higher foraging intensity at the feeders was required by slow explorers to achieve the same level of starvation insurance (i.e. energy reserves) compared with intermediate and fast explorers. Whether this reflects exploration-related differences in the use of alternative food sources (e.g. natural food sources in forest plots or other feeders) or exploration-related differences in energy conversion efficiency is unclear, and should be the focus of future work. Furthermore, only 2 out of 28 individuals were first-year birds, and only 8 individuals were females (i.e. there were 20 males). Given that adult males are dominant over females and juvenile males at feeders [44] , further research is required to elucidate whether the patterns of mass regulation reported here also characterize these least dominant categories of birds.
Conclusion
Wintering great tits in our population demonstrated substantial variation in body mass and foraging strategies. Temporal patterns of mass gain matched those of foraging activity, indicating unbiased estimates of within-individual patterns for foraging activity. Furthermore, individuals differed in foraging strategies (i.e. diurnal patterning of foraging activity at the feeder) but not in their mass gain patterns. The observed differences in foraging activity suggest that birds exhibit behavioural flexibility in resolving the trade-off, but nonetheless exhibit a fixed diurnal pattern in mass gain. Taken together, our findings imply that increased energetic demands experienced by small birds in winter might favour individuals prioritizing avoiding risk of starvation rather than maximizing predation avoidance. How the predictions of the starvation-predation risk trade-off apply to other ecological scenarios, and whether observed differences between behavioural types result from individual 
